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GHAPI'ER I 
Tire TEACHER AND ATOMIC ENERGY 
1. Introduction 
Purpose of the introduction.-- The purpose of this intro-
duction is to establish a proper mental attitude the better to 
understand and appreciate the problems of atomic education. 
The atomic age begins.--Probably no date in the annals 
of history has had a more important bearing on the future of 
our civilization than that of July 16, 1945. It was on this 
eventful day that the first atomic bomb was detonated. This 
was carried out under the cloak of secrecy of the United 
States Army, for the inspection of the scientists representing 
the Allied Nations. Earlier successes had marked the actual 
release of the energy bound up in the uranium atom, to be sure, 
but the outcome of this event was to prove that this new and 
tremendous energy release could be successfully used as a 
weapon of war. Its shattering explosion signified a detour in 
the road, so to speak, that all true scientists had hoped 
would never occur. These men knew only too well that it was to 
act as a malignant force which could forever impede their work 
for the good of mankind. Paradoxically, they had just witnessed 
the most terrifying aspects of their newest and greatest scien-
tific accomplishment. Its impact was to shrink the oceans; poke 
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gaping holes in that thing c alled "complete air-coverage", 
and to forever silence the voice of the isolationist. It would 
be difficult to find words to express the effects that the 
decision to use atom bombs has had on people throughout the 
world, but at least we can say that no event has ever had a 
greater bearing upon their hopes for peace and security. It 
is true that the early literature which related the effects 
of its shattering force was to be criticized as too spec-
tacular, however it was not the facts in reference to its 
destruct! ve po'll'rer that were distorted. The word "survival" has 
taken on a new significance, a meaning that shades the thinking 
of us all. It is little wonder that scientists the world over 
are appalled by the apathy of the people to the dangers of 
this weapon's cataclysmic possibilities. There exists the 
bold and startling reality of Hiroshima and Nagasaki, and the 
damaging effects of our desert experiments. The noteworthy 
indifference of the American people to happenings outside of 
their own sphere of interest has caused great alarm among its 
leaders. It required the grave news that Russia. had solved the 
problem of atomic energy to effect a rude awakening. It was 
suddenly realized that this new weapon had completely elimi-
nated that margin of time wh.ich had made up for the lack of 
preparation of this country in the past two World conflicts. 
It is comforting to see that the danger has now been recognized. 
A determined effort on the part of all the people will be 
required to avert more of those incidents that were labeled--
"too late with too little". 
The teacher and atomic energy.--What part will the 
teacher play in this critical situation? The teacher can make 
a valuable contribution by t aking the initiative in knowing 
and teaching the best procedures for meeting the emergencies 
which a rise through the release of atomic energy, if and when 
they occur. \~ e CP..n offer much by a calm, intelligent . teaching 
of the basic facts concerning this energy and by f.~ etting an 
example of proper procedures in case of atomic attack. This 
study is an attempt to contribute, in a small way, to the 
available material to which teachers may refer in plam.1.i ng 
t o meet t he existing cnallenge . 
2. Purpose 
Statement of the purpose.--This paper will attempt to 
provide reliable information about atomic energy, which will 
serve as a source of material for teachers in planning classes, 
discussions, and programs or other related a ctivities in cor.t21ec-
tion v;i th this most r e cent; a c1(1i t1 on t o the '"·3 S:ponsihili ties of 
education. 
r he sl tuation at uresent . --At :0resent, there is no defi-
nite offering of atomic education in our schools. Where work 
is being given, its scope varies greatly. In some schools this 
consideration is thought to be the responsibility of the 
science teacher. In many of our elementary schools it appears 
only because certain teachers have the interest, or realize 
their individual responsibility, and have done something about 
it on their owr ... Jn the other hand, there are school systems 
that have developed extensive plans which involve every single 
person who is in the employ of that particular system. In such 
cases the broader concept of atomic education has been carried 
out to the most minute detail. Among the larger cities that 
have developed such plans and are doing notable work in this 
direction is Chicago. Of particular significance is the work 
being conducted in that city by the Atomic Energy Institute, 
which is sponsored by the Chicago Public schools. As ide from 
putting the study of atomic energy into the curricula of its 
schools, it has provided this Institute so that teachers and 
pupils alike may hear directly from experts in this field. 
This was made possible through the assistance of the Argonne 
National Laboratory, the Museum of Science and Industry, and 
the Atomic Energy Commission. Many experts taking part in this 
Institute had an actual hand in the first chain reaction in-
volving the release of atomic energy from the uranium atom. 
The names of such famous atomic scientists as Urey, Zinn, 
Brues, and Lemon, among others, were prominently mentioned in 
its lecture program. Notable among its offerings was the 
course on the "PhYsics of Atomic Energy", given by Dr. Harvey 
B. Lemon, consultant to the Argonne National Laboratory and 
• 
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Professor of Physics at the University of Chicago. A portion 
of a letter from David E. Lilienthal to the Institute will 
serve to show the caliber of the work being done on atomic 
1/ 
education in the Chicago schools.-
"-- I wish to thank you for your kind invitation 
to address the opening assemblage of the Nuclear 
Institute For Teachers in Chicago. I regret the pressure 
of work here in Washington will not permit my being with 
you. I feel sure, however, that the Atomic Energy enter-
prise will be well represented by Dr. Zinn, Director of 
the Argonne National Labora tory and by Drs. Hilherr y e..D.d 
Brues, who, I unders tand, a r e all prrtlcipating in your 
Saturday sessions. The attention which the Chicago Public 
schools are devoting to the subject of atomic energy is 
indeed encouraging in an area in which teacher education 
is fully as necessary as pupil education. It seems to me 
that you are attacking this problem in a most fundamental 
manner. 
I wish your program every success. 
David E. Lilienthal 
Chairman 
u.s. Atomic Energy 
Commis s ion ." 
With respect to the civil defense phase of atomic educa tion, 
the Federal Civil Defense Administration is now preparing 
standard curricula for use in schools and colleges. It printed 
an interim instruction manual in August, 1951. Thus we find 
that definite steps are being made to offer a concrete program, 
but it is imperative that we move forward in the meantime. 
Method to be used.--The material to be covered in the 
subject of atomic energy is illustrated by 26 diagrams and 
!/Report on the Atomic Energy Institute for Teachers, Atomic 
Education: Chicago's Challenge, Chicago, Illinois, 1949-1950 
p. 10. 
•· 
pictures, These have been made into three film strips, Special~ 
ly prepared material has been tape-recorded. The film strip 
and tape-recorded story are part of this paper, .A table of 
plate titles in the chronological order of presentation and 
a typewritten copy of the lecture material will be found in 
the appendix, page 65. 
Scope of the lecture material.--The material presented 
has been divided into three parts to facilitate its use as a 
series of short lectures. In this way the danger of trying to 
cover too much factual material at any one time can be avoided. 
The titles of these lectures are as follows: 
1. Landmarks in the History of Atomic Knowledge. 
2. The Release of Atomic Energy, 
3. The Applications of Atomic Energy. 
A brief resume of the material covered in each lecture is 
included at this point. 
Explanation No, 1,-- Landmarks in the History of Atomic 
Knowledge. This presentation traces the growth of atomic 
knowledge from the time of the ancient Greeks to the 
great discoveries of atom-splitting during World War II. 
It should be readily understood that only a relatively 
small number of the most outstanding contributions could 
be treated in a single short lecture on the history of 
this subject. 
Explanation No. 2, - - T.he Release of Atomic Energy. This 
tells of the method of the release of atomic energy, in 
an elementary yet concise manner, and should serve as a 
reliable background of information sufficient for any 
teacher's needs for the work required of the schools in 
atomic education, 
Explanation No, 3.-- The Applications of Atomic Energy, 
The third explanation discusses some of the more important 
applications of atomic energy in the fields of medicine, 
transportation, and industry, and is concluded with a brief 
treatment of the proposed Hydrogen Bomb. 
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CHAPTER II 
·coNTRIBUTIONS OF THIS SERVICE PAPER 
· THE TEACHER AND ATOMIC EDUCATION 
1. The Importance of Atomic Education to the Nation. 
Atomic energy and education.-- The successful explosion 
of the first A-bomb has created a new responsibility not only 
for the science teacher, but for all teachers. This is so if 
from no other approach than that of "survival". The following 
excerpts from the instructions to schools and colleges by the 
. 11 
Federal Civil Defense Administration, will further substanti-
ate this fact, which state in part: 
•The schools and colleges have an important responsi-
bility for stimulating recruitment and for planning and 
conducting the training of civil defense volunteers. These 
activities must be made a part of the plans of the local 
civil defense authority. 
Administrators of schools and colleges may now 
plan their personal survival and internal civil defense 
programs, basing them on existing authoritative published 
materials and modifying them to fit local civil defense 
requirements. They may expect that their interim civil 
defense training and education program will be valid and 
useful a year or two hence; it will be a proper foundation 
for later specialized training." 
It would require only a brief study of the period of the recent 
world conflicts to convince us that the national emergencies 
resulting, have brought about many significant advances in the 
1/Federal Civil Defense Administration, Interim Civil Defense 
Instructions for Schools and ··Colleges, TEB-3-1, u.s. Government 
Printing Office, Washington 25, D.c., (August, 1951), pp 8-9. 
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st~ndards of living of the American people. Largely because 
of the acceleration of this period, science has today assumed 
such a key place in our everyday existence that we would be 
at a distinct disadvantage were we not able to comprehend its 
more common phraseology. The need for atomic knowledge on a 
national scale will call for a renewed emphasis on correlation 
between the science department and all the other departments 
of our schools. The excuses used by many teachers in the past 
for the ineffective treatment of science activities will no 
longer be acceptable. To be sure, the research in the field of 
nuclear SJience can be dealt with only by those who possess 
almost scientific genius. However, the required elementary 
principles of this subject are such that a junior high school 
pupil with a general science background would be quite at ease 
in discussing them. It is difficult to understand why the 
results of so many great scientific inventions and their suc-
cessful applications in engineering and industry have only 
brought about minor improvements in the science offerings of 
some of our schools. The writer is convinced that the coming 
of atomic energy will change all this. Based on this premise 
then, we will serve a dual purpose by offering a program of 
atomic education in our schools. First, we will provide a more 
realistic approach of education to the needs of all our pupils 
for a more up-to-date science background, and in so doing we 
will improve the work in orientation, exploration, vocational 
and avocational guidance, and similar phases of our education-
al program. Second, we will be helping to keep this nation 
strong in the face of a world situation made critical by the 
very implications of the release of atomic energy. 
The guidance objective:-- We are informed that the new 
developments and the resulting improvement in our living 
standards which will be made possible by the recent advances 
in atomic science are almost beY.ond our comprehension. The 
need for developing future scientists has never been greater. 
As a contributing force atomic education should furnish 
definite vocational guidance for some, avocational opportuni-
ties for many more, and should encourage critical and creative 
thinking in all. Other contributions of atomic education that 
are related to this objective are summarized as follows: 
(1) Atomic education at all levels in our school program 
is justified by its contributions to: 
a. The orientation and exploratory functions 
b. The guidance function, vocation and avocational 
c. Consumer's knowledge 
d. Social habits and attitudes 
e. Critical and creative thinking 
f. Public safety 
g. Leisure time 
(2) Atomic education will play an increasingly important 
part in preparing our youth to enter the rapidly 
~xpanding fields of electronics, engineering, industry, 
and the related general scientific areas. 
(3) Atomic knowledge will become an ever-increasing need 
of all the people through the revolutionary changes 
in our way of life resulting from the inventions and 
devices powered by atomic energy. 
(4) All teachers will be called upon to assist in atomic 
education if for no other reason than that of "survival". 
(5) Finally, and possibly most important, the schools have 
an obligation to the nation to carry on a never-ending 
search for those pupils who, because of their gift of 
an exceptional scientific aptitude, possess the great-
est weapon for peace and security in our troubled 
world. 
2. Contributions of this Study to Civil Defense. 
The role of the schools:-- The Federal Civil Defense 
administration is working diligently to develop standard 
curricula for schools and colleges, and hopes to make them 
available by fall of 1952. The Administration's interim 
Civil Defense bulletin offers many basic requirements for the 
schools in atomic education. Some of these basic concepts are 
1/ 
worthy of mention at this point:-
"Modern concepts of warfare, the international 
situation, and the needs of our national defense have 
made necessary a national program of civil defense. 
!fop. cit., p. vi. 
Schools and college populations form inportant 
segments of their larger communities. It is important 
that they receive civil defense education and training. 
School and college experience should now bring to every 
student and faculty member an opportunity to develop 
those understandings, attitudes, knowledges, skills, and 
habits which will prepare them to be self-reliant before, 
during, and after any emergency. Each must be trained in 
self-protection and self-help. The more mature members 
of this group are expected to participate in civil 
defense organizations which serve the entire community." 
1/ 
This bulletin goes on to point out:-
acivil defense includes everybody, not merely certain 
groups in our society. In the development of curricula, 
administrators should not overlook opportunities to 
provide students with "home work" which involves parents 
in the training. The leaders of other organized groups 
have developed successful techniques for training both 
the members and their parents in personal survival. 
Modern living requires strengthening of school and 
college curricula realistically. Integration of civil 
defense education and training into existing curricula 
may be expected to call for a review of educational 
values. · 
Certain learning experiences of particular signifi-
cance to school children may be mentioned. These include: 
(1) Planned emergency drills. 
( 2) Practice leadership of small groups. 
(3) Development of techniques in informing others 
through messenger experience. 
(4) Trips to gain experience in following instructions 
other than under the normal school environment. 
(5) Exercises to account for the presence of members 
of a group. 
(6) Development of supplementary activities during 
1/0p. cit., pp. 5, 6, 7. 
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( 7) 
prolonged drills to overcome fear and pass time. 
Experiences to develop self-reliance. 
"Certain areas and subjects can contribute more because 
they are required subjects or because of their nature and 
content. The areas which best provide this opportunity in 
schools include the social studies, industrial arts, home 
economics, health education, physical education, and 
science." 
The proposed curricula will outline certain obligations for 
every teacher, and will contain sections that will provide 
source materials through the use of which the broader aims of 
atomic education am be furthered. 
How this study can contribute.-- This study has been 
carried through on the premise that the large majority of 
our teachers have failed to grasp the fact that atomic 
education is required of all. The civil defense instruction 
bulletin has pointed out that more will be expected of some 
areas and teachers, science for example, than in others. 
However, all will be in position to make some contributions. 
The material and the method by which it is set forth should 
offer worthwhile background information for all teachers. It 
should stimulate a desire to seek further information on the 
subJect. It should be of aid in planning activities that will 
be interesting and instructive. It could serve as basic data 
around which could be built a short course or unit on atomic 
energy. It should serve as a motivating · instrument for both 
pupil and teacher in this new problem now confronting us. 
1 
The course or unit should have these as objectives: 
(1) To develop pupil interest in the basic facts about 
atomic energy. 
(2) To provide information concerning basic science 
facts sufficient for the pupils to understand these 
basic facts about atomic energy. 
(3) To know and teach all the essential facts concern-
ing safety practices. 
(4) To plan, present, rehearse and evaluate a school 
survival program. 
(5) To foster pupil-parent participation in school 
and community defense programs. 
(6) To motivate extra-curricularpupil activities 
toward atomic education. 
(7) To treat the guidance aspects of the field of 
atomic science wherever poqsible. 
Justifying the presentation method:-- The necessity for 
many teachers being called upon to teach certain science 
concepts which are quite apart from their regular assignments, 
makes it urgent that some economica l means of presenting many 
experiences be developed. The time factor is significant in 
two ways: first, because of the need for an immediate, function-
al survival progrrua; and second, because this is to be done 
with a minimum of interference with the regular school work. 
The presentation of the three areas of atomic energy by 
a series of three sho~t lectures should provide such an 
economical method. The scope of these explanations is 
such that a wealth of facts, stories and situations can 
be assimilated by the teacher with a minimum of preparation-
al time. The very nature of atomic entity favors a visunl-
eld device having the presentation possibilities characteris-
tic of the lantern slide or the film strip which is used 
in this method. When we are reminded that the parts of 
the atom are of such a magnitude as to be forever hidden 
from the vision of man, this point is more readily accepted. 
These particles are smaller than the shortest wave-length of 
light, and we can only study them through their actions 
on larger particles that are visible. Therefore, the diagram, 
the artist's conception , models or moving pictures of the 
a.nimated type will best serve as aids. Another factor 
favoring this method over regular moving pictures is the 
need to suspend action for long periods of time during 
explanations and discussions. It is true that the animated 
moving picture technique is rapidly coming into the field 
of atomic instruction, and great things are expected of 
it. In the interim the film strip method will serve the 
need of the teacher admirably. 
Concluding statements:-- 1;Je should real ize f rom t his 
s tudy that all teachers now have an obligation to teach 
and advance atomic education. It should be apparent that 
the scope of the teaching of the subject that will be 
obligatory is surprisingly s·imple in nature. It is com-
posed of subject-~tter and activities which are interest-
ing and challenging to all pupils. It provides the survival 
phase which should increase the feeling of security of 
both teacher and pupil. It will provide significant 
a ssistance in the guidance function for a vast and new a rea 
that has suddenly opened up due to the outcomes of atomic 
science. Finally, it provides a much needed impetus by 
which our science offerings could reach their rightful 
place in a nation that maintains its leadership through 
its successful applications of scientific principles. 
!I Counts states: 
"In defending the rights of natural science to 
an important place in the curriculum, its advocates 
continually emphasize the extraordinary influence 
which science has had on human affairs in recent 
times. That science has profoundly modified the 
prevailing conceptions of the world and has been 
instrumenta l in transforming the material world in 
which men live must be admitted, but the science 
courses have not been organized and taught so as 
to give pupils a feeling of this significance. 
Science has been taught as a body of organized 
knowledge." 
!/Counts, G.s., The Senior High School Curriculum, Supple~ 
mentary Education Monograph, No. 29, University of Chicago, 
Chicago, Illinois, 1926. 
• 
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To further impress us in this direction, Noll says: 
"Unless those who are in a position to form and 
direct the thinking of science teachers are them-
selves thinking in terms of function rather than of 
subject-matter, there is little hope that our 
practice in the teaching of science will ever be 
much different from the memorizing process which 
has characterized it for so long." 
In the light of these significant statements, the writer 
feels that the advent of atomic energy and the need for 
atomic education should provide a powerful stimulant 
through which the desired change in direction of the 
science offering could at least have a beginning. 
. 7 
1/Noll, Victor H., The Teaching of Science in the Elementary 
and Secondary Schools, Michigan State College Press, East 
Lansing, Michigan, 1950. 
CHAPTER III 
EXPLANATORY MATERIAL TO BE TAPE-RECORDED FOR EACH 
PLATE OF THE FI LM-STRIP SERI ES 
1. First Explanation 
Landmarks in the History of Atomic Knowledge 
Plate No, 1, 
Plate title:•• Atomic Energy ~War or Peace? 
At the eerie hour of 5:30 on the morning of July 16, 
1945, the skies over the desert lands of New Mexico were 
rent by an explosion of terrifying proportions, Instantly, 
there followed a burst of light more intense than the noon-
day s 'lm. ; its sear ing heat of sui'ficient i n t ens i ty to vaporize 
t he desert sands: and to leave t he rocks below a glazed but 
formless mass. A great mushr oom of dust and debris soa r ed 
upward int., the sky~ 
Carefully p rotected by a heavy barricade, and at a safe 
distance of many miles, the experimenters watched with awe, 
Their experiment, the first atomic bomb--possibly the most 
important scientific experiment ever conducted by man-~was 
successful, Science had finally succeeded in releasing the 
tremendous store of energy bound up in the atom, Those 
present had just witnessed the birth of the Atomic Age, 
It s eems i ncredibl e ru~d yet it i s true that t hese scienti sts 
were saddened by t hi s event . They realized only to~ well that 
what they had just seen~s to prove a costly sacrifice for 
science. The complete realization of the humanitarian aspects 
of this energy could never be because of its potentialities in 
war. They knew that t his energy could be used to provide a way 
of life never before dreamed of, or it could degenerate i nto a 
force of destruction almost too terrible to contemplate. They 
knew the choice America would make for its use. but they could 
not be certain of how other nations might choose to use it in 
times of international~ises, When we reflect on this, t heir 
lack of real enthusiasms is understandable. They realized only 
too well, that because of the success of this day man was soon 
to be faced with the greatest decision of his entire existence. 
Atomic Energy--war or Peace? 
Plate No. 2, 
Plate title:-- The Birth of Atomic Knowledge, 
It has often been said that man's inquisitiveness is one 
of his greatest blessings, It is only necessary to scan a few 
pages of a history-of-science text to appreciate this state• 
ment. Science for the human race had its inception when man 
first became inquisitive about his environment, The moment 
this happened he became an embryo scientist, The very impor• 
tance of these surroundings to living was certain to make him 
think of how they came to be. A knowledge of science was 
imperative for man's growth, His thoughts about matter were 
truly the birth of atomic knowledge. 
Therefore, no -study of atomic energy would be worthy of the 
effort if all of the developments in its history were omitted. 
Yet, on the other hand, this lecture would become unweildly if 
all of the contributions were enumerated. For this reason, only 
those events that aid materially 1n a better understanding will 
be discussed. 
The first significant record of man's desire to learn about 
the nature Qf matter is credited to the Greeks during the fifth 
century B.c. The great scholars of that time made many assump• 
tions that were to have a marked influence on later scientific 
thought. As a matter of fact, their writings concerning matter 
contain many points that bear a marked resemblance to parts of 
present-day atomic law. Such happenings as the freezing of 
water, the formation of clouds, the evaporation of rain, the 
erosion of the _earth, and the tarnishing of metals challenged 
their thinking. Visible thingswdrocks, ice, earth, water--
changing to smaller particles, and often becoming invisible 
things, had to be explained. This picture shows two of these 
men in a typical scientific discussion of these times. Here we 
see Lucippus and his famous pupil Democritus discussing the 
very nature of the gold in a crown. They are stating their 
belief that this gold is not as uniform as it appears to the 
eye, but is, rather, made up of a vast quantity of tiny parts 
which they named "atoms". Their meaning of the word "atom• 
was a particle that, in their reasoning, was "uncutable". 
Democritus, the younger and more famous of the two, wrote 
about the individuality of a given atom, and about the space 
relationship to its brother atoms. This is now looked upon as 
a most remarkable bit of guesswork, since these men had no 
experimental fact s to form a basis for their claims. Thi s was 
truly an auspicious start, and yet, during the more than 20 
centuries that were to follow, this phase of science was to 
remain at practically a standstill. 
Plate No. 3. 
Plate title:-- The Period of Alchemy--Not a Total Loss. 
The Dark Ages for science really began with the decay of 
Grecian culture. The Romans were engineers and architects; 
their genius for building was not to be equalled until very 
recently. They seemed to lack the sense of intellectual !mag~ 
ination of the Greeks, for to them it was impractical and they 
did little or nothing to further it. This lapse in man's think-
ing about the nature of matter was to continue until about the 
time of the invention of the printing press. However, there was 
one period late in this uneventful stretch that deserves con-
sideration. The so-called scientists of this period were known 
as Alchemists. Here we see one of their numbers in a situation 
that, no doubt, frequently occUrred as a result of their mis-
guided efforts. This sad period in scientific progress is men-
tioned because theirs seemed to be a progress in reverse. It is 
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referred to principally to give proper emphasis to the new 
'Scientific Method', and the resulting progress, that was soon 
to follow. Nature 1 s same wealth of materials was available to 
these men by and large, but they lacked theroientific know-
ledge, and furthermore, they did little or nothing in an 
effort to get it. To adopt a somewhat crude yet effective anal-
ogy: the Alchemist attempted to reach the pot of gold at the 
end of the rainbow by jumping across its span. The pain, the 
frustrations, the years of experimentation, and the need for 
proof were not for them. These misguided investigators be-
lieved that all ordinary metals were merely impure forms of 
the noble metal gold, silver being less pure than gold, but 
superior in quality to iron, and so on. It readily follows 
that gold was the key to power in those days and was the 
cause of much intrigue. And yet, scientific endeavors were 
suppressed by both the rulers and the church. But Alchemy 
was able to cloak its dealings in acts that bordered the realm 
of mystery. The experiments of this period, if they can be 
classified as such, were directed toward a solution of two of 
mans 1 eternal hopes. First, they sought an "elixir of life" 
that was to lengthen man's life-span immeasurably. The second 
quest was of a "philosopher's stone" which would enable them 
to control such changes as base metal~ to gold, (among others}. 
The desire to accomplish these two goals has always existed 
in the hearts of men. Not only the poor, but greedy men in 
high places sought to control these secrets. So we read of men 
high in the early Christian church who were, paradoxically, 
vowed to suppress scientific progress, promoting these experi- · 
menta in secret. This picture illustrates the end-result of 
an effort which~s obviously doomed to failure. The time of 
reckoning has come. Exile, the dungeon, or death were the usual 
penalties for those convicted of impiety. The gains of this 
era- and they were practically nil- camemout more by acci-
dent than~om a thirst for scientific knowledge. 
Plate No. 4, 
Plate title:-- The Scientific Way. 
The Renaissance or time of "new birth" for science began 
when man first realized that a new and revolutionary approach 
to scientific problems was imperative if there was to be real 
progress in~ience. This was to come about through a shift 
from attempts of fancy and imagination to a real application 
of intellect and reason. With the acceptance of this new 
attitude many of the falsehoods and superstitions of the Mid-
dle Ages were repudiated. There followed a great succession 
of thinkers like Da Vinci, Columbus, Copernicus, Galileo, Bacon, 
Harvey, Newton and others, whose accomplishments were to com-
pletely revolutionize men 1 s ~~owledge of the earth and his own 
body. However, science was to wait 200 years longer before the 
new "ecientific method" was to further advance our knowledge of 
bhe atom. But this contribution, when it came, was tore a nota-
ble one. It occurred in 1803 when a Quaker schoolmaster by the 
name of Jolm Dalton presented his htomic theory. Dalton whose 
first love was chemistry, conducted many experiments concerning 
the way that elements combine to form compounds, Where the 
ancient Greeks philosophized aboutatoms, Dalton applied the 
"scientific way" and experimented with them, His~omic theory 
coupled with the molecular hypothesis by the Italian, Avogadro, 
provided a basis for a better understanding of the chemica l 
nature of substances , Dalton is oftenmlled the father of 
atomic chemistry. An inspection of any high-school chemistry 
text will reveal the laws contributed by these men. Today, 
their theories are limited to the teaching of the fundamentals 
of chemistry. Science, however, gained much from these theories 
during many years of progress. Such accomplishments were to be 
outstanding examples of the benefits of "The Scientific Way". 
The World was now beginning to accept the existence of the 
atom, and its part, as the building unit of our vast universe, 
Plate No, 5. 
Plate title : -- Natural Versus Artificial Transmutation of 
Elements, 
At about the time when science had begun to accept the 
theory that atoms were indivisible, the strange behavior of a 
compound of Uranium gave cause for alarm, In 1896 Becquerel, 
a French scientist, noticed a strange kind of emission coming 
from an ore of the heavy element Uranium. Excited by the possi-
bility of a new scientific adventure, his young female assist-
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ant asked his permission to investigate it. This young woman 
was later to be honored by science for her work as co-dis-
coverer of the wonder-element raditim• for she was to become 
Madam Curie--Nobel Prize winner. Here we see them on that 
eventful day exploring the possibilities of this strange ac-
tivity of the Uranium atom. The whole phenomenon of natural 
transmutation was to be brought to light by their scientific 
inquisitiveness. They discovered that many of the heavier 
atoms gave off radiant energy while changing to different and 
less massive elements. Behaving like a Fourth-of-Jul y spar kler , 
"hot" uranium emits particles to eventually become radium. The 
"hot" radium then shoots off particles to later become cold, 
stable lead. The complete process would require many, many 
centuries, and man could do little or nothing to control this 
process of nature. And, yet, scientists were soon to think of 
the possibility of •artificial transmutation•, a possibility 
that would realize at least one of the dreams of the Alchemist. 
Were this to be successful man could change the base or common 
metals to gold. The germ of the idea had been planted. To fol-
low this fascinating story one step further, an English scien-
tist, Sir Ernest Rutherford, put this idea to an actua1 test. 
Be conceived the plan of using the emissions from radium as 
"bu1lets 11 to bombard other atoms. Success crowned his efforts, 
for he was able to change a small quantity of nitrogen into 
oxygen. The first man-controlled transmutation of an element 
• 
was the amazing outcome of this experiment. Encouraged by this, 
scientists the world over began a search for other kinds of 
particles suitable for use as "bullets". Man-made atom guns 
were soon to become common experimental equipment. Many types 
of particles were to be tried in mpid order. All these tiny 
"bullets" were to be particles or combinations of particles 
coming from certain other atoms or light molecules. Science was 
amazed at the growing complexity of the atom. They were to find 
them to be vastly different~om the indivisible-unit-concep•-
tion described by earlier experimenters. Such atom-splitt.ing 
machines as generators, cyclotrons, betatrons, synchrotrons, 
and the recent bevatrons were to probe into the inner recesses 
of atoms. However, the significance of many wonderful dis-
coveries was to be dimmed by the rush towards the greatest goal, 
the release of the energy bound up in the nucleus or heart of 
the atom. Was this to be the greatest of all scientific 
hurdles~ Let us move on and see. 
Plate No. 6, 
Plate title:-- Matter and Energy are Interchangeable--Einstein. 
At about the turn of the present century, in 1905 to be 
exact, a quiet young man of mathematical genius astounded the 
scientific world with a new and revolutionary concept of mass-
energy relationships. This man, Albert Einstein, was to make 
many contributions of almost incalculable value to the existing 
store of atomic knowledge. His mastery of higher and involved 
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mathematical calculations were to proclaim him the greatest 
mathematical mind of modern times. In this picture I have 
tried to indicate the scope of his thinking. In terms that 
do little justice to his genius, he could deal with problems 
reaching from the borders of the infinitesimal to those of 
the infinite. From the tiniest sub-atomic particle to the great-
est of universal space concepts. It is not surprising that he 
was to suffer years of ridicule in his early dealings with men 
of lesser ability. They simply could not grasp even 1n a re-
mote manner these far-reaching concepts. The formulas shown 
symbolize his mathematical mastery; the other two figures, the 
range of his ability to apply it. But it is the formula in the 
lower right-hend corner that caused so much speculation at the 
time. It indicates that mass and energy are interchangeable, 
which contradicts the belief that matter is indestructable. 
Theoretically, at least, it implies that matter could be changed 
to energy or energy to matter, the destruction of one for 
the gain of the other. As Einstein explained when he wrote 
about this formula, the changing of one pound of matter, be it 
the most dense metal or the finest of dust, completely to 
energy would furnish the equivalent of 11,400,000,000 kilowatt-
hours of electricity. Think of it, this would light a 1000 watt 
electric light bulb for 11,4oo,ooo,ooo hours. or, to state it 
in another way, this energy could supply the entire electrical 
demands of this country for a full month, and twelve pounds 
would suffice for the entire year. Even in the light of recent 
accomplishments, it is difficult for the average mind to accept 
this statement. Yet, later developments were to prove that this 
was not only a theoretical but an actual fact. To further il-
lustrate how so seemingly simple a formula can give such astro-
nomical figures, let me point out that the figure substituted 
for the letter "C" in the problem would be the velocity of 
light~186,ooo miles per second--with the miles changed to 
the tiny units of length, the centimeter. The formula further 
indicates that this tremendous quantity would, in turn, be 
squared or multiplied by itself. It seems unbelievable, but 
the complete solutioncan be .followed through by any average 
high-school physics pupil, using ordinary figures. Einstein is 
at present connected with the faculty of Princeton University 
where he is actively contributing to our knowledge of the atom 
through his genius in the field of mathematical physics. 
Plate No. 7. 
Plate title:-- A Peek .Inside the Atom. 
You will, no doubt, realize that great barriers lay between 
the theories of men like Einstein, and the actual accomplish-
ments of the laboratory groups. These precipitous heights must 
be scaled, and Science began to do this one wall at a time. 
Of no meager assistance was the work of the Danish scientist, 
Neils Bohr, one of Rutherford's students. Working with the 
planetary scheme, first mentioned by the ancient Greeks, he 
• 
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evolved a space concept of the structure of atoms that was to 
prove most valuable ·in the days to come, Briefly, his model 
was like a tiny Solar system in which the sun or ~ucleus of 
the atom was surrounded by the planets or electrons, Truth-
fully, Bohr's theory is far more involved than this, yet for 
the layman this should provide a space concept of the atom 
that is most helpful, Here we see Professor Bohr during one of 
his famous lectures at the University of Copenhagen, His atomic 
model provided science with a better understanding of the parts 
of the atom and their respective energy levels, Bohr, like his 
friend Einstein, was to contribute greatly to atomic physics 
during those hectic World War II days, when victory or defeat 
hung in the balance, This was yet another instance of a~ien-
.tist mak~ bold assumptions, and then carrying them through to 
a successful conclusion, It seems almost fantastic that these 
men could construct models involving the components of the 
atom whose parts are so small as to be forever hidden from 
human sight, 
Plate No, 8, 
Plate title:--The Key to Universal Structure, 
Summarizing the many bits of knowledge gathered through 
many centuries of searching, Science was now nearing its 
greatest goal, Knowledge of the nature of matter was being 
gathered at an alarming rate, This gathering had been so ac-





was lagging noticeably. It might be well for us to stop at this 
point and try to orient ourselves before the pace again begins 
I 






The existence of the atom has been 
beyond any doubt. 





The structure of the atom is much ~ore complex 
than was at first believed. 
I . . 
Atoms are not indestructible, they have been chang~d . 
from one to another, both by nature and man, in a 
process called "transmutation". ' 
I 
We have been told, at least theoretically, that 
matter and energy are interchangeable. 
I 
And finally, that great~ores of energy will be 
available to us if and when we split the atom. 
This pict~e gives us an added opportunity to discuss some of 
the -parts of the atom. · Many of the more recent advancements in 
I 
atomic science have come about through a knowledge of the parts 
shown here. Recent research has discovered several other im-
1 portant parts. However, for the treatment of atomic energy 
as it will lbe given in these lectures, some of the parts 
shown will be adequate. We find that the nucleus is the center 
of our symbolic sketch. The other terms of importance to our 
understandl ng are electron, proton and neutron. We will hear 
more about jthese parts of the atom in Lecture No. 2. 
Scientists now can transmute practically all of the original 
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store of atoms. To add to this accomplishment, they have 
recently made several new atoms that were never known to exist 
on the Earth before. These men might well rest on their laurels 
but, as this picture implies, they tell us that this is only 
the beginning. Only by a long and detailed study of the History 
of Science :can we know the complete story of their progress to 
date. In this brief historical journey we have only hit the 
high spots, so to speak. A few of the outstanding success 
stories have been featured. There has been little mention made 
of the many sacrifices and disappointments which must surely 
have attend,ed this great progress. All, regardless of their 
I 
accomplishments, have aided in this work, for the knowledge 
gained by one man's failure was to point the way for another 
man's success. As we reach the end of this short treatise on 
the history of atomic science, we should have the deepest 
respect for those who have gone before~ It can truthfully be 
said, without discredit to any, that their efforts havelrought 
us to the threshhold of the greatest age of all time. 
I Plate No..._L 
2. Second Explanation 
The Release of Atomic Energy 
Plate title:-- Bombarding the Atom with the Cyclotron. 
As we recall, the first successful bombardment of an atom 
was accomplished tn 1919 _when Rutherfordchanged nitrogen atoms 
into oxygen, using ra.dium as an energy source. This was to 
start an assault on the atom by scientists in every corner of 
the globe. Sub-atomic particles of many kinds were to be tried. 
Sources of energy from many unique machines were to hurl these 
tiny atomic "bull ets" at many different substances. l'tlili tary 
experts in every major· nation were to suddenly become inter-
ested in~omic science. Not because they could design a so-
called "atom gun", but rather because of the tremendous energy 
release promised by scientists if and when they succeeded in 
splitti4g certain atows . 
one of the first machines to meet the requirements for this 
kind of research is the cyclotron. Here we see a simplified 
diagram of the principal parts of this machine, which was first 
operated in 1931. Now let us see if ie can understand how the 
cyclotron operates. This device can be thought of~ consisting 
of a radio transmitter and a huge magnet. The transmitter pro-
vides energy for moving th~ sub-atomic bul lets a t h igh speeds 
in a spiral raceway that is inclosed in a vacuum. The 
magnet keeps the moving bullets in a horizontal plane. At the 
L 
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right instant the "bullets" are deflected into a straight tube, 
where they speed toward a target which holds a specimen whose 
atoms are to be bombarded. Possibly it will help if we think 
of the discharge of the cyclotron in a more ordinary manner. 
Let us suppose that one bullet is placed at the . start of the 
spiral raceway in the center, and that the transmitter is 
energized with ordinary 60 cycle household electric current. 
The bullet would whirl around at a rate of 60 .revolutions per 
second. We might further think of this bullet as acting like 
a hoop which a boy is hitting, uniformly, 60 times in one 
second. Each blow will accelerate the hoop until its maximum 
speed is obtained. Thls will give the hoop (or bullet) a cer-
tain moving force which will be allowed to strike some object. 
In the actual experiment, however, the radio part of the 
cyclotron will increase the number of cycles by millions, so 
that the bullet will approach the target with tremendous 
force. This, precisely, is how the machine is used. 
Dr. E. o. Lawrence of the University of California invented 
the cyclotron and received the Nobel Prize for his scientific 
research with this machine. To further emphasize the power of 
this device, the beam of light caused by the bullets crashing 
into air molecules as they leave the tube, is purple in color 
and is hot enough to burn the hand to a crisp or to melt a 
bar of metal in a few seconds. The cyclotron eventually played 
a key part in solving the problem of the release of atomic energy. 
Plate No, 2, 
Plate title:-- Hitler Aids Atomic Research. 
With the coming of World War II, the whole problem of 
atomic research took on a new and terrifying significance, 
Scientists somewhat reluctantly ceased their efforts for pure 
science and became part of a military effort; the race for 
atomic energy as a tool of war was on, They were awa~e of the 
fact that there was no secret in .. reference to the theory of 
atomic energy, Scientists the world over knew that it was 
just a matter of t ime before it would be worked out, But they 
also knew that the control of its release could well decide 
the struggle, No expense was being spared by the belligerents 
in the race to control the process. This picture is an attempt, 
by cartoon, to depict the~ory of this race, 
You may recall an event which took place during the dark-
est days of the conflict, In an attempt to bolster falling morale, 
the Allied High Command planned a Commando raid on a selected 
area on the coast of Nazi-conquered Norway, During the 
height of the raid, which was a temporary military success, 
a heavily fortified concrete plant was taken, The intelligence 
team that accompanied the raiding party was immediately con-
sulted, These men realized at once that they were in control 
of a plant for making "heavy water•, a substance that could 
have only one purpose--a source of neutrons for atomic re-
s earch. This news was of great concern to the Allied High 
Command, since it was a measure of the progress being made 
by Germany in this direction. 
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At about this time, the German scientists Hahn and 
Strassman, who had bombarded uranium with neutrons and who had 
found the elements barium and krypton to be two of the products 
of the reaction, were on the verge of success inside "Fortress 
Germany". Assisting these men had been a young Jewess, Dr. Lise 
Mitner, a brilliant nuclear physicist. While studying their 
latest progress report, she suddenly hit upon the key to the 
whole puzzle of atomic energy. Ironically, at this precise 
moment, she was forced to flee from Germany because of Hitler's 
hatred of her race, and thus she was unable to tell them of her 
great discovery. Realizing the full significance of this secret 
to the outcome of the war, she made her way to Denmark where 
she discussed it with her former teacher, Dr. Neils Bohr. After 
several hurried checks, Dr. Bohr was convinced that the girl 
was right, and he made immediate plans to go ' to America with 
the data. At a meeting~ the University of Washington, held 
under strict military secrecy, Bohr told of the discovery to 
a notable gathering of scientists. It was decided, that because 
of its~lue to the successful conduct of the war, the data 
should be turned over to President Roosevelt. It was Professor 
Einstein, another Jew, who wrote the letter to the President 
that indicated the feeling of the scientists in this matter. 
J6 
The means for releasing atomic energy was safe in the hands of 
the Allied Nations at last, After hearing this dramatic story, 
I believe that this little cartoon speaks for itself, 
Plate No, 3, 
Plate title:--Science Goes to War, 
Military control of the process of releasing atomic energy 
could mean only one thing--atomic weapons, The leaders of the 
Allied Nations quickly offered a master plan for accomplishing 
· this goal, Here, I have tried to depict the scope of this plan. 
At the top is represented the tremendous resources of the Allied 
Nations; the plant, the stockpile, the rolling stock, with which 
to operate, The upper figure on the right represents the combin-
ed scientific knowledge of the world's foremost scientists, 
The figure opposite, the productive ability of the greatest 
business leaders, The lower left-hand figure, the huge reser-
voir of skilled technicians, The military figure -- the security 
of great military systems, The Manhattan Project was to be an 
early result of this planning, The primary purpose of this 
Project was to furnish sufficient quantities of the right kind 
of fissionable . atoms. The atoms needed were the right kind of 
Uranium atoms, This substance was not only a scarce item, but 
even when found in quantity, had certain limitations to its 
use, The signal to go ahead had been given, now let us see 




Plate No, 4. 
Plate title:-- How do we get Atomic Energy? 
It will be best for us to review a few of our science 
fundamentals . before we attempt to answer this question. It is 
commonly known that all substances are made up of tiny parti-
cles called molecules, Each of these like molecules are in turn 
composed of one or more smaller units called atoms, Iron, for 
example, consists of iron molecules, which are in turn, made 
up of iron atoms, Because iron has only one kind of atom, it 
is called an element, Water is composed of molecules, but these 
molecules are made up of two different atoms, hydrogen and 
oxygen. Substances like water are called compounds, There 
are nearly 100 elements, while the number of compounds made up 
of combinations of these elements is many thousands, It is 
the atom that interests us most, however, The lightest known 
atom is the hydrogen atom, The hydrogen atom hastwo separate 
parts; one is a relatively heavy proton, which has a positive 
electric charge and is located at the center of the atom, while 
the other part is the tiny but negatively charged electron 
which whirls rapidly around the proton, The center of any atom 
is called its nucleus. Hydrogen is the only atom that has just 
two kinds of sub-atomic particles, Scientists have set the 
atomic weight of hydrogen as 1, and have given it the atomic 
number 1 because it has 1 proton, The number of protons con-
tained in an atom designate its atomic number, The weight of 
the electron is to be considered as negligible, Helium, the 
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next heaviest atom, has an atomic number 2, but an atomic 
weight of 4. This is so because this atom has a third type of 
particle called the neutron in its make-~~. A neutron is a 
closely bound union of a proton and an electron which makes it 
neutral, and its weight is about the s arne as a proton.. Helium 
has four particles in its nucleus; two neutrons and two posi-
tive protons, which are balanced electrically by two negative 
electrons that circle about the nucleua. Therefore, one helium 
atom would be about equal in weight to four hydrogen atoms. 
Now uranium,' the atom that we are most interested in, has the 
atomic number 92, and has about 146 neutrons, to make a total 
atomic weight of nearly 240 parts by weight, This heaviest of 
natural atoms has 92 circling electrons to balance its protons. 
Thus we see that any single atom has as many electrons outside 
its nucleus as there are protons inside. At this point I must 
explain that, contrary to Dalton 1 s atomic theory, some elements 
have atoms which, though they act themme chemically, vary 
slightly in weight because the number of neutrons in their 
nuclei is not fixed. Uranium is one of these elements, since 
its atoms are of three different weights. Atoms like those of 
ura~ium are called isotopes. The U2J8 isotope of uranium is 
shol'.Tll in the picture. 
Plate No, 5. 
Plate title:-- Isotopes. 
This picture is an attempt to diagram the three isotopes 
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of uranium. One of the amazing things about isotopes is that 
they always occur in the particular element in a fixed pro-
portion. If a sample of uranium is taken from the earth at 
any place it will be found to contain 99.3% of the U2J8 
isotopes, .7% of the U2J5 isotopes, and only a trace or about 
.OOJ% of the U2J4 isotopes. Notice, however, that it is the 
two scarcer isotopes that can furnish atomic energy. To sepa-
rate these from the heavier one was the main purpose for the 
construction of the Oak Ridge plant of the Manhattan Project--
remember that all three were identical chemically. Another 
peculiarity of isotopes is that their nuclei are not equally 
stable. It was this property that was causing the radioactiv- . 
ity of uranium that puzzled Becquerel. So we see that these 
unusual atoms known as isotopes will play an important -part 
in atomic energy. 
Plate ~o. 6. :. 
Plate title:-- The Binding Energy of Atoms. 
The mantion of the term "binding energy" always causes a 
momentary pause in my thoughts about atoms, whatever they might 
be. To me it has a far-reaching meaning. I lay this to 
my limited imagination, which finds it difficult to conceive 
of particles so small yet possessing 8UCh potential energy 
and structural strength. It is true that some of the heavier 
atoms are unstable and radioactive, but this phenomenon mani-
fests tremendous energy: to wit, the power of radium. Many 
·4 
analogies have been adopted to aid us in visualizing the space 
relationships of the parts of large atoms like those of 
uranium. The one that I find to be most helpful is the follow-
ing: let us imagine this atom to be enlarged so that the nucleus 
is as a bunch of grapes placed in the center of Texas, the outer-
most electrons would be whirling about this nucleus at the very 
borders of the state. Now, the loss of outer electrons from an 
atom is of little consequence, since it can easily gain others 
to replace them. This is, in fact, what happens when dry hair 
is combed vigorously: electrons are rubbed off atoms and we 
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say we have a static charge, which is an accumulation of 
electrons. However, the nucleus is a different matter, for this 
involves the binding energy. Scientists believe tha t if the 
binding energy of the nuclei of atoms should suddenly disap-
pear, the universe would disintegrate lnto one vast hydrogen 
fog., So the problem of atomic energy deals with the binding 
energy of the nucleus of the ursnium atom, or better, one of 
its isotopes. 
following the revelation of Dr. Mitner 1 s secret by Bohr, 
the scientists of the Manhattan Project continued their bom-
bardment of the U235 isotope of uranium. The test experiments 
showed conclusively that energy was released when neutrons 
from a cyclotron bombarded the U235 isotope of uranium. Let 
us follow a neutron as it leaves the cyclotron tube, and see 
what happens. This p icture shows the bullet as it is about to 
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strike a nucleus. When it enters this nucleus it splits it 
into two parts that eventually become the lighter atoms 
barium and krypton. However, the combined atomic weight of 
these new atoms does not equal the 235 of the original atom. 
It is part of this lost mass that has been changed to energy. 
The energy of the bullet had overcome the binding energy of 
the uranium atom. This unique method of splitting~oms was 
given the name "fission•, and the change of mass to energy had 
been just as Einstein had predicted. To be sure, the amount 
of energy released at this stage of the research was very 
small, but it was truly atomic energy, and this was the im-
portant thing. Bigger cyclotrons were quickly designed and 
built, but it was during this period of build-up that the 
first evidence of dangerous rays was detected. Three kinds 
of lethal rays were found to be emitted when atoms were split. 
Steps had to be taken to protect the workers against these 
powerful rays. Among the products of the fission process, and 
of no minor consequence, are the three neutrons set free from 
the split nucleus. These fast-moving particles play a vital 
role in later developments. The picture of the house again 
serves to remind us of Einsteints famous formula, which bears 
repeating at this point. Einstein, it will be recalled, showed 
that if the atoms in one pound of any substance were completely 
changed to energy, 11,4oo,ooo,ooo kilowatt-hours of electrical 
energy would be released. This could mean, that a modern home, 
complete with every latest electrical device, would ·operate 
for 6,333 years on this energy. 
Plate No, ?, 
Plate Title:-~ Nuclear Fission and Chain Reaction. 
It did not require many cases of radioactive sickness to 
convince the scientists that the rays from the fission process 
were to become a .major factor in the future health and welfare 
of all workers who were involved in the project, Immediate 
steps were taken to provide the necessary protective procedures, 
As it turned out, instead of resulting in a costly delay both 
of time and money, two important discoveries were made that 
practically revolutionized the whole fission process, In deal-
ing with this safety problem, materials that had formerly been 
adequate had to be discarded, Lead, for example, which had 
been sufficient as a shielding material formerly, was almost 
useless in the case of these new and more potent rays. These 
particles could penetrate a lead wall 16 feet thick, In the 
search for better protective materials, it was found that 
graphite had the ability to slow down fast-moving neutrons, and 
that cadmium and some kinds of alloys, like boron-steel, could 
absorb large amounts of neutrons. Concrete, impregnated with 
lead, and other kinds of steel could absorb the other danger-
our rays. Soon a regular materials-research section resulted 
from this safety study, Materials like graphite were called 
"moderators", wh .Ue the others were called "controllers". 
It is important to notice here that nuclear fission has taken 
place; the by-product lighter elements have been formed, and 
the three fast-moving neutrons have been expelled. They move 
right by three other nearby .U2J5 nuclei, however, and fail to 
strike them. But if we utilize this new knowledge of materials, 
as shown below, they cannot escape because they are surrounded 
by the controller material, carbon or graphite. These neutrons 
are now walled in, slowed down, and eventually become useful as 
bullets for splitting other nuclei. We can now visualize a 
build-up as one bullet releases three, which~e slowed down 
in the container so that they can split three new nuclei, and 
these 1n turnrelease nine, and so on. This growing energy 
release could build up to enormous proportions in a short time 
period, if the right conditions were maintained. This build-up 
of the splitting was called a "chain reaction" by nuclear 
scientists, and with this new feature, they had visions of the 
kind of atomic reaction which they had hoped for. But, alas, 
the action went on only for a bri~f period and then died down. 
Some unforseen obstacle was hindering the complete chain 
reaction at this point. Their hope of getting a 'satisfactory 
result seemed to hinge upon getting the proper size, and with 
U2J5 so difficult to separate, it might require years and years. 
They were not to be denied, however, for theoretically, their 
bomb plan could work if the puzzle of size was solved. This, 
then~s the next important hurdle. 
J ' ~: 
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Plate No. 8, 
Plate title:·- The Uranium Pile as an Atomic Energy Machine. 
The second noteworthy result of the research on shielding 
materials was the increasing of the size of the equipment . in 
which the fission was being conducted, These could not be 
operated without danger to the workers. It was decided that 
an experiment using natural uranium in the graphite moderator 
might be tried, The result was the second greatstep forward, 
brought about by the safety research. Let us study this picture 
and see what took place. When the fast-moving neutrons set free 
f~om a U235 nucleus were slowed down by the graphite moderator, 
they were suddenly ripe for capture by U238 nuclei in the 
natural sample. This slow-down was a result of loss of energy 
due to _their continual rebounding from the graphite walls. An 
increase in energy release was again noticeable, The name 
"Uranium Pile:" was given to this new set-up, and an immediate 
study of the new kind of reaction~s made, A chain reaction 
had occurred in a charge of natural uranium. A diagram of what 
happened is shown here, and we see one of these slowed-down 
neutrons about to be captured by a U238 nucleus. Notice that 
it was captured by this nucleus, and that it did not split it 
as it did the U235 nucleus. For an instant this became a 
fourth isotope of uranium with an atomic weight of 239. But 
soon a strange thing happened to the captured neutron. Suddenly 
it split inside the new 239 nucleus yielding a proton and an 
-· 
·-
electron, with the latter being expelled to leave an extra 
proton in the nucleus. Now the atomic number of this new 
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nucleus was 93, which means that it is a new substance that is 
no longer uranium. This new element was called Neptunium. It 
is, however, an element having a very short life-span, and almost 
immediately another neutron in the nucleus follows suit by 
splitting and sending out a second electron, thus adding a 
second proton to it, with the result that the atomic number 
has again changed to 94, and another new element has formed. 
This second new element, more stable than Neptunium, was named 
Plutonium. Both of these new elements were never known to the 
earth before, at least during man's existence on earth. We 
might say then, that theoaptured neutron had caused the U238 
nucleus to cough twice, with a new element being made with each 
cough. Now, the wonderful thing about Plutonium is, that under 
the right conditions, . it is just as explosive as the scarcer 
U235 isotope. This would mean that greater quantities of 
fissionable material could be made from natural uranium, with-
out the need of the laborious and costly process of separating 
the U235 portion, that was formerly necessary. The work had 
moved one big step closer, but had still not reached the goal. 
The Uranium pile with the U235 and plutonium still failed to pro-
duce the energy build-up needed for an A-bomb. The action still 
seemed to get clogged up with by-product ashes, and would die 
down because of this. However, the way was now open for study 
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of size because the workers were no longer hindered by lack of 
fuel. It was soon found that with a radical increase in the size 
of the pile, a special sizemlled the "critical size" would soon 
be reached, beyond which there woUld be no safe return. Let us 
stop and carefully consider the new element plutor1ium. Being 
a new element it has properties of its own, ~~d different from 
those of uranium. A way was found by which it could be easily 
removed from the pile, and~ored in a relatively safe con-
dition. Under proper control conditions the plutonium could be 
made explosive, by allowing it to emit a special kind of parti-
cle known as an alpha particle. This alpha particle is nothing 
more than a helium nucleus, ~ which is made up of two protons 
and two neutrons. When this particle is expelled from the 
plutonium nucleus, it leaves a U235 isotope, which is the 
explosive type needed. Thus, in plutonium we have a potential 
source of U235 atoms, that are in sort of a suspended state 
until such time as they are needed as U235 atoms. When the 
critical size for plutonium is exceeded, it goes through this 
change and an explosive chain reaction quickly results. With 
things at this critical and dangerous point, the technicians 
had to give careful thought to its control, so that it would 
not become a "Monster" which could destroy them. And this is 
precisely where the controller materials came to their rescue. 
By using slabs of cadmium, the pile could be built up beyond 
critical size, and as the chain reaction began to reach danger• 
ous limits, they could be slid into the p1le to slow its 
action down by absorbing some of the neutron bullets. The two 
pictures of the uranium pile show how this would be possible. 
The experimenters found further, that with critical size, it 
was no longer necessary to start the pile action with neutrons 
from a cyclotron, since Cosmic rays, always present in our 
atmosphere, were a sufficient energy source to get the action 
started. The goal had been reached at last. The day for the 
first atomic explosion was close at hand. The study of critical 
size had also furnished a method for detonating a bomb. For 
example, the bomb could be assembled so that two-thirds of the 
fissionable material was in place. When the center or third 
portion, necessary to give critical size, was dropped into 
place, . the conditions for the atomic explosion were complete. 
When the scientists gathered on the desert on that eventful 
day in July 1945, there was little doubt in their minds that 
their experiment, incolving the. first Atomic Bomb, would be a 
success. They had, however, not only produced a weapon of 
fearful violence, but in their efforts had designed a machine, 
the uranium pile, that could produce energy for the more 
peaceful and humanitarian applications of Atomic Energy. 
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3. Third Explanation. 
The Applications of Atomic Energy 
Plate No. 1. 
Plate title:-- Machines for Producing Atomic Energy. 
It can now bemid with all sincerity, that scientists 
would never have made an atomic bomb if the. pressure of war 
had not made it their patriotic duty. On the other hand, they 
will all admit, that great gains for the good of mankind were 
given to the world many years in advance through this acceler-
ated toTartime program. A method of preparing and safely storing 
fissionable material had been perfected. Enormous strides in 
protective methods for scientific workers had been made. Many 
new substances having unusual medical uses were found in the 
by-products of uranium fission. The birth of an Atomic Energy 
Commission was to aid and facilitate the work of science to 
a degree that was to exceed its fondest dream. 'rhe broad plan 
of this commission soon relieved them of the fear that the 
work on atomic energy from a pure science standpoint would be 
hindered. This body had made plans for scientific research in 
every conceivable direction. The only pinch of control would 
be through a scarcity of natural uranium, which it was its 
authority to apportion. I Let us have a look at an atomic energy 
machine,that we may visualize some of these possibilities. 
This picture shows an atomic energy machine or reactor, of 
which there are now many operating under commission control. 
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As to the mechanics of the initial Uranium pile, this is a 
quite complete resume. It gives us some idea of the proportions 
to which atqmic energy machines have grown. These now vary from 
baby reactors for producing the wonders of radioactive isotopes, 
to the huge reactors that are now attempting to produce fission-
able materials in larger quantities than that of the fuel used. 
Canisters of "enriched" U238 isotopes are processed and removed 
for~orage and future use. Atoms of many kinds are made radio-
active for medical use; with the ensuing energy possible for 
use as heat and power. Atomic-powered submarines and airplanes 
will come in the not-to-distant future. Bevatrons, those tre-
mendous atom guns of the near future, which will probe the inner-
most recesses of atoms with their billions of electron-volt 
power. All a tribute to the scientific intelligence of man, but 
greater still a tribute to the wonders of nature. 
Plate No. 2. 
Plate title:-- Prom Uranium Mine to Power. 
It is an easy matter to go allegorical when living in an 
age such as ours, particularly when we look into the work being 
done in the field of nuclear physics. We will try to avoid this 
ever-present danger by first concentrating on a journey of a 
uranium atom from mine to power. This picture shows just such 
a journey. With our new understanding of fissionable materials, 
and the careful controls exercised by the A.E.C., the natural 
uranium can be loaded in the ore cars at the mine. It would 
'5~ 
·then be shipped to the chemical refinery where the rock and 
other impurities would be removed. The cars leaving the re-
finery on the right, would be carrying the natural uranium 
ready for proper mixing. The track leaving the refinery on 
the left, would carry natural uranium to the separators, where 
the U235 portion would be separated. This scarce item would then 
go to the pile, where it wo u ld be mixed with the natural uran-
ium and placed inmnisters ready for use in the pile or re-
actor. The cars leaving the reactor on the left would carry 
the valuable radioactive by-products. These by-products from 
the reactor ash are, at present, opening new areas for re-
search in the field of modern medicine. The track leaving the 
separators, would contain these radioactive materials processed 
and ready for shipment to the proper laboratories and insti-
tutions. The pipe lines from the reactor, would carry thesteam 
generated by the atomic energy released, which would drive the 
turbo-generator to produce useful electric power. The tank just 
outside of the reactor wo til.d s tore the radioactive coolant, used 
to moderate the temperature of the reactor. The electricity 
would, in turn, pass into suitable transformers, where it 
would be changed into the proper lighting and power voltages, 
for use in home and industry. This whole process will be one of 
the early peace-time benefits of atomic energy. 
Plate No, 3, 
Plate title:-- The Geiger Counter. 
If you plan to go prospecting for uranium, or other radioactive 
substances, you will need a Geiger counter~ a vital part of 
your equipment. This device is able to detect these rarer 
materials, of which uranium is one. The particles being emitted 
from them are now known to be alpha particles, or helium nuclei. 
This picture shows the principal parts of the device; let us 
spend a few moments on its operation. It is made up of four 
parts: a detector tube, an amplifying mechanism, a speaker and 
a counting mechanism. In this picture, the Geiger counter is 
shown registering the activity of a piece of uranium ore. The 
tube is made up of a positiv-e wire and a negative plate, which 
are given an electrical bias by a current from the amplifier 
circuit. No current flows between them, however, because of the 
resistance of the rarefied gas in the tube. When a particle 
from the radioactive substance enters the tube, it knocks 
electrons from the gas atoms. These negative electrons are then 
driven across to the positive wire by the presence of the nega-
tive plate, since like charges repel each other. The electrons 
flow through the lead wire to the amplifier as an electric 
current. The flow is in proportion to the strength of the 
sample. The flow of electronsmn then activate the speaker or 
counter, subject to switch control by the operator. Instruments 
of this general type will play an important part in an atomic 
attack, if we are ever subjected to one. The dangerous rays 
will be located and tagged as to their intensity with the aid 
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of such instruments, 
Plate No, - 4, 
Plate title:-- The Power of a Nominal A-bomb, 
As of this date, 27 A-bombs of varying sizes have been 
exploded by the United States, Since there has beenmpid 
improvement in the making of atomic weapons, some standard 
was needed as a yardstick of their destructive power. In an 
effort to meet this need, the A-bomb of war-time Japan has been 
set as the standard, and is now called a "nominal" A-bomb, This 
picture offers to measure its power in everyday language, You 
may recall that momentous announcement by President Truman to 
the effect, that 16 hours earlier an atom bomb had been dropped 
on the Japanese city of Hiroshima, having more power than 
20,000 tons of TNT.--- 11 what has 'been done is the greatest 
achievement of organized science in history", Another way to 
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picture this power is by reference to the type of plane which 
carried out this mission. The power of this bomb would be the 
equivalent of 2,000 of these huge B-29 bombers, These great 
ships of the air are powered by four 2200 horsepower engines 
for a total, per ship, of 8800 horsepower. Ana., let us not 
forget, this was a small A-bomb in present-day terms. Some of 
the later bombs have shown marked increases in power; while on 
the other hand, a latest tactical application makes it possible 
for jet planes to launch bombs of nominal caliber, We can now 







this would be the last thing that wo u ld happen to atomic 
energy. 
Plate No, ~ 
Plate title:--- Atomic Energy in Times of Peace. 
Present day civilization can be proud of its scientific 
accomplishments, and yet there must be no pause in its efforts 
to,_ go forward. The e_xistence of countless human afflictions 
have long been the unhappy burden of our greatest medical 
minds. With the coming of atomic energy and its tremendous 
possibilities, their ·hopes have been re-kindled. They now dare 
to hope for better things. Many new and revolutionary medical 
approaches have already given promising results, and the oppor-
tunity for further research seems almost limitless. Some of the 
so-called incurable diseases now have, at · least a chance of 
cure. Fewer cripples, less pain, healthier bodies, less loss of 
working time, and a longer life span, are just a few of these 
benefits to mankind. Truly, a way, of life never before 
dreamed of could comemout in this way, and if war does not 
rob us of our intellectual manpower, it will surely come to 
pass. This picture illustrates just a very few of the benefits 
that have already come from our new atomic knowledge. At the 
upper left, we see a technician operating a reactor, in which 
radioactive isotopes can be produced. These materials, rela-
tively new to medicine, have two major roles; the first is 
known as Tracer Research, and the second is in the field of 
.• 
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~ Diagnosis and Tre~tment. Now it is an unusual thing about 
.radioactive isotopes, that the body does not ~ow them from 
regU~ar atoms of the~e substance. That is ~ the body accepts 
them ~'11.thout preference. In this way they can travel through 
the ·body, and offer a method for tracing them to the organs 
that use them. This provides a method for studying the organ 
\ without resorting to surgery. In the diagnosis and treatment 
I 
role/ diaseses of the thyroid gland offer a fine illustration. 
Certain serious ailments of this gland have been diagnosed by 
\ 
the use of radioac~ve iodine. The patient- is give n controlled 
doses of this isotope, and a study is made pf the activity of 
the gland. During' the research conducted on this organ, it was 
found that this iodine cured some 80% of the cases of over-
\ . 
active thyroid. The figure on the right shO'ws another appl1""' · 
I 
cation of the tracer procedure, in the case of a kidney 
ailment. Notice that the Geiger counter is being used ' to study 
the functioning of the diseased . . organ, by registering the 
radioactivity count. The pictur~ of the "grim reaper" below 
signifies one of man 1 s m.ost dreaded enemies-c~ncer. When we 
learn that one reactor can produce more radioactive material 
than all the radium in the world, we begin to take heart. 
Some progress has been made in curing certain types of this 
disease with these new techniques; however, cancer is so varied 
in type and scope, that we can only gain solace from the fact 
that some progress has been made in this direction. It is an· 
• • 
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established fact, that our greatest hope of controlling this 
disease lies along the path opened by the discovery of atomic 
energy. The last pic.ture of the group concerns the industrial 
uses of atomic energy. Aside~om the power angle previously 
mentioned, there are many industrial uses developing from the 
use of tracer isotopes. Here we see a technician tracing a 
difficulty in a complex piping system. Other work has been 
done in such fields as strength of materials, the location of · 
oil and other natural resources, the field of chemistry, bio-
chemistry, and even in the field .of agriculture. As in the 
field of medicine, the work in these other areas has only 
scratched the surface, so to speak. 
Plate No. 6L 
Plate title:-- Atomic-powered Transportation. 
Our highly developed transportation system he.s contributed 
greatly to our progress as a nation. Our successes on land, on 
the water and in the air have placed us in an enviable position. 
To maintain this place of leadership, we must again be 
pioneers in adapting atomic energy to them. In this picture 
I have tried to show just a few of the possibilities. It is 
known, that even with atomic energy at its present relatively 
low efficiency, the Queen Mary could cross the Atl~tic and 
return on the energy furnished by one pound of fis~ionable 
material. The designs for the great ships of the near future 




face practically every other known means of transportation. 
Let us consider, for a few moments, the locomotive in con-
nection with these changes. We see that a small atomic reactor 
will replace the present Steam or Diesel engine. and that the 
steam will be generated in this reactor. A steam turbine will 
be geared down to the speed range required for the driving 
wheels. But it is the simple method of speed control that is 
of the greatest interest to us. The operator will be located 
in a carefully protected cabin, where he will be able to 
throttle the speed of the train by moving the controller ma-
terial in and out of the reactor. This is the fundamental 
principle that will be applied to all types of transportation, 
from the airplane to the submarine. The tremendous increase 
in traveling range possible with this new energy i8 the most 
amazing part of it all. But let us not stop here. Plans have 
already been completed for a tiny atomic-powered one-man heli-
copter. As for the rocket; this device has such terrifying 
implications that we must consider both its war and peace 
possibilities at· this point. Our military experts remind us 
that the German rockets of World War II were never kno•~ to 
have been shot down or intercepted with any degree of success. 
These· rockets are role to serve as missles for carrying A-bombs. 
On the other side of the ledger, atomic energy has revived the 
hopes for inter-planetary space travel. In fact, many enthusi-
asts of "Operation Planet Mars" are convinced that only the lack 
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of sufficient funds stands in the way of its absolute success. 
All this from the power of tiny atoms. 
Plate No , ?. 
Plate title:--No Sacrifice Too Great. 
Through the ages science has had its quota of heroes and 
martyrs. I know of no incident that illustrates this more 
completely than the case of Dr. Louis Slotin. This scientist 
was working in the A-bomb laboratory at Los Alamos, New Mexico, 
on May 21, 1946, when this incident occurred. During an im-
portant experiment an accidental slip in the handling of a 
quantity of plutonium, caused an explosive chain reaction. 
With no thought of his owndanger, he knoc~ed the apparatus 
apart, and saved the lives of other scientists and workers 
present. In using his 6wn body as a shield for the others, he 
received a fatal dose of rays. In spite of every possible 
hospital treatment, he died nine days later. Yet, to aid medi-
cal science, he assisted to the fullest in making a complete 
history of his case. The data and charts obtained through the 
unselfish cooperation of this doomed man, were of extreme 
value in establishing safety procedures aimed at preventing 
similar occurrences. 
The unfortunate experience of Dr. Slotin did much to bring 
about a more determined effort on the part of AEC controls, to 
protect every las t individual, who might, in any way, be exposed 
to the dangers of radiation in connection with atomic research. 
In fact, a second and radically different approach was soon 
to develop in this direction. It was then that the atomic 
laboratory vocabulary became enriched by many new safety terms. 
The "Cutie Pie", a new and extremely sensitive detecting .meter, 
diminutive in size, for testing the shielding of experimental 
areas. The "Hot Cell", anffipecially designed shielding 
construction, to enclose reactions that went beyond a certain 
degree of radioactive danger. The "Dry Box", a chamber in which 
only the operator's shielded hands are allowed to work. But 
greatest of all safety improvements was the one perfected by 
the General Electric Company. Its contribution, the "Mechanical 
Hands", allows an operator to handle dangerous apparatus and 
materials at a distance of many feet. In using this ingenious 
device the operator, though completely removed from danger, can 
control the most intricate manipulations. It is claimed that 
he can write his name in perfect script from a point of safety. 
He can watch his efforts at this remote position through a 
series of perisco~es. It is good that these heroic sacrifices 
have not been in vain, yet science has a fine record for its 
ability to protect its workers. 
Plate No. 8. 
Plate title:-- Death or Survival? 
This next plate shows how rapidly certain terms have altered 
in value, and yet it offers an entering wedge concerning its 
real purpose. In a few short years we have passed through a 
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period of mass hysteria, possibly only equaled by the Great Flood 
of the Scriptures. Our Civilian Defense authorities, National, 
State and Local, have made great strides in sorting and cata-
loguing the facts for home consumption. Our citizens are slowly 
becoming aware of their obligations in the event of atomic at-
tack. However, through these trying times, much confusion in 
planning has resulted. Key terms have varied at different 
levels, and uniformity has been noticeably lacking. For example, 
the early terms "blast", "flash", and "radioactivity 11 , although 
they have been retained, their meanings have been altered and 
modified many times. Radioactivity is giving the most serious 
concern. Research, as to dosage limits of safety for workers 
and civilians, is far from completed, and the leaders are not 
certain of their ground. But many developments have combined to 
give us something solid to fall back on, and to steady us a 
little to meet the blow if one should ever strike • 
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First: We will realize that the frightening term "lingering 
death" was a product of that first hysteria, and was truly 
like many first impressions, subject to change on sober re-
flection. The amazing results of the Bikini and Eniwetok tests, 
in the light of risks to personnel, illustrates one such develop-
ment. It involved the detonating of several A-bombs of greater 
than nominal size, attended by a vast number of experiments, and 
thousands of assigned technicians. The absence of serious 
accidents, in an operation so hazardous, has done much to alter 
• 
many misconceptions, and to bring about a calmer approach. 
The Federal Civil Defense Administration is now responsible 
for control on a national basis, and through its efforts 
these facts are becoming standardized. - It is worthy of note, 
however, that the expense of civil defense is the responsibili-
ty of each individual community. The State and National agencies 
serve mainly in a control and advisory capacity. The advice 
at the bottom of the picture is sound, even though an accepted 
analysis of the effects of an atomic explosion, is still in 
the controversial stage. 
Plate No. 9. 
Plate title:-- What of the Future? 
Here again, we must sort the true scientific possibilities 
from the imaginary and the spectacular. On the basis of the 
amazing developments of the past few years, one is apt to make 
that glib statement, that nothing is impossible. We can avoid 
such an impasse by stating that many things would be impracti-
cal. We must remember that much that had passed as good scien-
tific fiction in the early twenties, came to be scientific 
fact in the early forties, Also, we have learned that the 
comic strip artists have been far in advance of their public 
in. prophesying future scientific outcomes. Just as da Vinci 
was far in advance of his times, these writers and artists 
have offered much that has turned out to be concrete. Let us 
then consider a few of their predictions. Cosmic phenomenon 
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ha s for years signified an ultimate in scientific investigation. 
According to the Lemaitre hypothesis, every particle of univer-
sal matter, whether existing singly or as part of the greatest 
outer-space nebula, ce~e from a single cosmic atom which ex-
ploded about two billion years ago, and is still going on. 
Cosmic rays come to the earth from inter-stellar space, and 
though they have penetrating power sufficient to pass through 
six feet of lead, our bodies are born to them and are not harmed 
by them. As science increases the power of its atom guns, they 
gradually approach the conditions for creating cosmic phenomenon 
of the earth. Our science-fiction friends have attempted here 
to predict the outcomes of such an accomplishment, should the 
nuclear physicist ever attain this goal. Here we see a Cosmic 
ray gun. Its beam of such unbelievable intensity, that it could 
utterly destroy any object which was found by its sights. Huge 
ships of the sea and air would be seared through as a blade of 
grass before the edge of a moving scythe. Furthermore, another 
of these scientific dreamers states that these guns will be 
refined in sizes adaptable to actual fighting ships of both 
sea and air. As to the effects of man-made cosmic rays on humans 
for good or evil, this will of necessity have to be left to the 
realm or these thinl<ers. It does make us wonder if anything will 
remain that will suffice to challenge the scientists of future 
generations. Possibly a quote from a recent science article 
will allay any fear that our scientific age will leave nothing 
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unsolved for the future. "Atomic explosions that wipe out whole 
cities in an instant seem awesome on a human, planetary scale• 
Seen from a cosmic grandstand, however, they are scarcely 
sparks from a single powder-grain in the grand pyrotechnics 
of the universe". Of one fact we can be certain however, it is 
only because of such advanced research that many of our recent 
scientific accompltshments, which we now accept as practical, 
could have possibly been developed. 
Plate No, 10. 
Pls.te title:-- Is the Hydrogen Bomb Possible? 
The President of the United States has already ordered the 
construction of the hydrogen atomic bomb. Science has reacted 
in the following manner: its leaders say they pra~ that it 
won't work--but are afraid that it will. This superbomb will 
work in a way that is radically different from the uranium 
bomb, The former will operate on the principle of "fusion", 
while the latter depends upon fission. The H-bomb will give 
off its energy through the uniting of sub-atomic particles, 
while the A-bomb releases its en~rgy when atoms are split. 
Briefly stated, the energy of the H-bomb will come about 
through the making of a helium nucleus from tritium (a 
special hydrogen isotope), and its union with another atomic 
particle, like a proton. By its very make-up the hydrogen 
bomb can serve only one purpose--destruction; in this way it 
will differ radically from what we now know as atomic energy. 
• 
This statement is more readily accepted when T1Te realize that 
only the heat supplied by the detonation of an A-bomb can 
make the explosion of the hydrogen bomb possible. In other 
words, the A-bomb is the mere trigger or detonator of the 
H-bomb. In no other source nearer than our own sun would the 
conditions for detonation exist. In this crude picture of the 
new monster we see the A-bomb as the trigger. The secret of 
this most terrible of all weapons was given to the enemies of 
democracy by the arch-traitor, Claus Fuchs. We can only pray 
that our scientists will win the race for its production, and 
that it will be used to force those enemies into negotiations 
for everlasting peace. This might be accomplished if the 





APPENDIX AND BIBLIOGRAPHY 
1. Tables 
Purpose of the table:-- The principle resource material 
of this service paper is presented in a series of three 
explanations or work expositions. To facilitate the use of 
the material by the tea cher a table of titles of the film-
strip plates is listed at this point. 
Contents of the table:-- The table lists the exact plate 
titles a s they will be used in the tape-recordings narrated 
with each film strip. 
2. Bibliography 
Explanatory note:-- Since one of the principle aims of 
this study is to provide a source of materials for use by 
teachers in atomic education, it was deemed good procedure 
to make this bibliography as far reaching as possible. 
Scope of the bibliography:-- A careful study of texts, 
manuals, bul l etins and pamphlets covering the many phases 
of the subject is included. 
-\..hJ 
Table 1. List of Exact Plate Titles as they Appear, Chrono-
logically, in the explanations. 
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